We analyzed the blood lipid spectra in four closely related sculpin (Cottoidei) species endemic to Lake Baikal. These data characterize the Baikal sculpins as a set of model organisms for studying the adaptive plasticity of cholesterol metabolism and also mechanisms of resistance to the development of dyslipidemia and atherosclerosis.
INTRODUCTION
Blood lipid metabolism in different animals has certain specific features that determine the degree of their resistance to the development of dyslipidemia and atherosclerosis. Analysis of such species-specific differences offers an opportunity to gain an insight into the mechanisms of this resistance and, on this basis, to develop new approaches to the prevention and treatment of atherosclerosis in humans. Such studies are being performed on animal models from different taxonomic groups, such as mammals, birds, and fishes (Getz and Reardon 2012) . However, these groups are phylogenetically distant from each other, which make it difficult to adequately compare biochemical data in order to reveal general mechanisms underlying the adaptive plasticity of cholesterol metabolism. To solve this important problem, it appears more expedient to analyze closely related organisms that occupy different ecological niches and, hence, differ in parameters of lipid metabolism. In search for such models, we have focused attention on the group of closely related sculpins (Cottoidei) endemic to Lake Baikal. This group consists of 26 species that have originated from a few ancestral forms (Sideleva 2003) but are highly diverse, being adapted to different ambient conditions and diets that present different levels of atherogenic risk. It is important that anthropogenic pollution of Lake Baikal is minimal (Shimaraev et al. 2000) and, hence, cannot cause artifacts in studies on blood cholesterol metabolism as related to adaptive radiation in the Cottoidei. Moreover, the liver in fish plays a major role in lipid storage (Henderson and Torcher 1987) , but large-scale accumulation of lipid droplets in liver cells does not lead to dyslipidemia and atherosclerosis, which inevitably develop under such conditions in mammals, including humans. Thus, fish models are promising for the study of mechanisms responsible for resistance to steatosis, steatohepatitis, and disturbances of blood lipid metabolism. The study was performed with representatives of four Cottoidei species caught in the coastal zone of southern Lake Baikal: Procottus major, Taliev, 1944 (n = 10); Cottocomephorus inermis, Yakovlev, 1890 (n = 10), Limnocottus bergianus, Taliev, 1935 (n = 10); and Batrachocottus baicalensis, Dybowski, 1874 (n = 10). Data on their size, weight, sex, and age are shown in Table  1 . All manipulations with fish were carried out in compliance the Helsinki Declaration of the World Medical Association (2000) and the EEC Directive 86/609 ЕЕС (1986) on the protection and welfare of experimental animals. Analysis of blood serum for total cholesterol (Ch), triglycerides, and cholesterol in fractions of very low density, low density, and high density lipoproteins (VLDL, LDL, and HDL) was performed in a Beckman Synchron CX4 multianalyzer (Beckman Coulter, United States) using corresponding diagnostic kits from Beckman Coulter (United States) as recommended by the manufacturer. The atherogenic coefficient (AC) was calculated by the equation: AC = (Ch LDL + Ch VLDL) / Ch HDL (Martirosyan et al. 2007 ). Liver tissue fragments were fixed with 2% paraformaldehyde. The nuclei and lipid droplets in histological sections were stained with DAPI and Nile Red (Sigma-Aldrich, United States), respectively. Actin microfilaments were stained with FITC-conjugated phalloidin (Sigma-Aldrich, United States). The sections were scanned under an LSM-710 laser confocal microscope (Carl Zeiss, Germany), and their three-dimensional images were generated and processed using Imaris 7.2.3 software (Bitplane AG, Switzerland). Experimental data were processed by nonparametric statistical methods using the Statistica 10.0 program package. In particular, median values and interquartile ranges were calculated, and intergroup differences were evaluated by the Kruskal-Wallis test. The total blood cholesterol level in the studied sculpins proved to be species-specific (Fig. 1A) . The lowest level was recorded in the pelagic species C. inermis (143 mg/dL). In general, the level recorded in this species is comparable to that in humans (Flaim et al. 1981) . The values of this parameter in near-bottom species (P. major, L. bergianus, and B. baicalensis) were higher (324.74 -556.7 mg/dL), being intermediate to total blood cholesterol concentrations determined in other fish species (Babin and Vernier 1989) . A comparative analysis of the fractional composition of blood cholesterol revealed more profound differences between the sculpin species. The concentration of the antiatherogenic HDL fraction was the highest in P. major (309.2 8mg/dL) and the lowest in C. inermis (59.92 mg/dL), Figure  1B . The concentration of LDL Ch was relatively low in C. inermis and P. major but high in L. bergianus and B. baicalensis (Fig. 1C) . The concentration of VLDL Ch varied from 13.53 mg/dLin C. inermis to 81.19 mg/dL in P. major (Fig. 1D) . The observed features of blood lipid spectra account for interspecific differences in the antiatherogenic potential of blood (Fig. 1E, F) . In P. major, antiatherogenic HDL Ch prevails over proatherogenic LDL and VLDL fractions, while the situation with C. inermis, B. baicalensis, and L. bergianus is inverse. Comparison of natural diets of Cottoidei species from Lake Baikal (Sideleva 2003) has shown that differences in blood lipid spectra between these fishes are not accounted for by their specific feeding habits and food spectra. Thus, although both L. bergianus and P. major feed mainly on amphipods, their blood lipid spectra drastically differ in the ratio of proatherogenic and antiatherogenic lipoprotein fractions. It is also noteworthy that the diet of B. baicalensis, the most active predator among the Baikal Cottoidei, presents very high atherogenic risk (70% of amphipods and 30% of other sculpin species), but its blood lipid spectrum is most similar to that of L. bergianus, which feeds mainly on amphipods. This is conclusive evidence that the relative contents of blood lipoprotein fractions in these closely related species are determined genetically. Analysis of Z-stacks of laser confocal microscopic images of preparations stained with lipid-specific Nile Red fluorescent dye has shown that the liver of Baikal sculpins contains numerous cells with large lipid droplets (Fig. 2) . This is in agreement with the results of biochemical analysis of liver tissue in some Cottoidei, which confirm the high content of lipids in this organ (Ju et al. 1997; Kozlova 1998) . Therefore, these droplets in Baikal sculpins are an essential component of normal liver cells, rather than pathological structures such as those observed in mammals with steatosis (Takahashi et al. 2012) . Thus, the closely related Cottoidei species endemic to Lake Baikal have distinct speciesspecific features of blood lipid spectrum. Despite the common origin of these species, their representatives are characterized by a fairly wide concentration range of total blood cholesterol and its fractions. Studies on mechanisms responsible for these interspecific differences can provide an insight into the general principles of cholesterol metabolism. Since Baikal sculpins are characterized by prevalence of either antiatherogenic or proatherogenic lipoproteins, it appears expedient to separate this into corresponding groups and perform their comparative analysis. Of special interest is that the normal liver of Baikal sculpins can accumulate large amounts of lipids. This fact offers prospects for the study of natural mechanisms counteracting the deleterious effect of significant lipid deposits of the liver cells as well as on the maintenance of antiatherogenic potential in the whole body. All these data characterize the Baikal sculpins as a unique set of model organisms for the study of genetic, physiological, and ecological mechanisms of resistance to dyslipidemia and atherosclerosis. 
